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ABSTRACT
Background:
Primary percutaneous coronary intervention (pPCI) is considered the gold standard treatment for patients with acute ST-elevation myocardial infarction (STEMI), as it significantly lowers both short and long-term mortality. This procedure successfully restores normal blood flow (TIMI-3 flow) in the infarct-related artery (IRA). Compromised kidney function is a recognized predictor of increased mortality and complications in STEMI patients undergoing primary PCI (pPCI). This adverse prognostic effect can appear even with a mild reduction in renal function. Several studies have also identified impaired kidney function as an independent risk factor for the development of the slow-flow or no-reflow (SF/NR) phenomenon.

Objective: To see the association of kidney dysfunction with patients having slow-flow/no- reflow phenomenon in STEMI patients undergoing pPCI and to evaluate its prognostic effect on short-term mortality in our local population

Material and Methods: The prospective observational study was conducted from 20-01-2025 to 15-05-2025 at the Cardiology Department, PIC Lahore. Patients of both genders age ranging from 18-75 years were enrolled to investigate the association between estimated glomerular filtration rate (eGFR) or serum creatinine and the incidence of SF/NR who were undergoing pPCI.
Results: Total enrollment of 227 patients having mean age 56.1 years, 154(68.0%) males and 73(32.0%) females, in which 16(7.0%) developed slow-flow/no-reflow post-PCI. Duration of pain, A.Fib, complete heart block, and heart failure have statistically significant differences as p- value < 0.05 and poorer baseline renal function, as evidenced by a lower eGFR (76.5±5.4 vs. 89.6±1.0 mL/min/1.73m², p=0.001). Angiographically, the no-reflow group had higher rates of pre- procedural total occlusion (TIMI 0 flow) and lower stent implantation rates. Mortality 1(6.3%) observed in slow / no-flow group with an insignificant p-value 0.141. Increasing age is an independent predictor, with each additional year raising the odds of slow/no-flow by about 4%. Hypertension doubled the likelihood of developing no-reflow p-value 0.020.
Conclusion: Impaired renal function significantly predicts slow-flow/no-reflow following primary PCI, underscoring the need for renal-based risk stratification before intervention
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Introduction

Percutaneous coronary intervention (PCI) is the gold standard for treating acute ST-elevation myocardial infarction (STEMI) patients due to its ability to lower the risk of short-term mortality.1 Despite the effectiveness recanalization of the IRA, patients continue to experience decreased cardiac perfusion. 2It is referred to as the slow-flow or no-reflow phenomena; slow flow/no reflow is associated with the extension of the necrotic area in the myocardium, increased exposure to various sequelae, and low prognosis among the STEMI patients in general. The pathophysiology and aetiology of the slow-flow/no-reflow phenomenon is complicated and not fully comprehended. 3 Slow-flow/no-reflow in pPCI is one of the frequent complications that is associated with poor prognosis, with reported incidences ranging between 4-44%.4-6 The SF/NR phenomena possess a complicated pathophysiology that is not properly characterized in the literature. Some of the numerous hypothesized causes of this phenomenon include microvascular spasm, micro-embolization of thrombus fragments, and endothelial expansion due to reperfusion or myocardial damage. Several systemic and patient-specific factors raise the risk of SF/NR occurrence during primary PCI.7-9

The most common reported relationships between many related factors were old age, delayed reperfusion, high thrombus burden, long length of the target lesion, low pre-procedure thrombolysis in myocardial infarction (TIMI) flow grade, and C-reactive protein.10There is no global recommendations on how to assess patients' risk before the treatment, different clinical and angiographic models have been used and studied in the last few years. Most of these efforts have concentrated on forecasting the post-procedure no-reflow issue. There is no evidence

available to predict peri-procedure SF/NR complications due to kidney dysfunction among STEMI patients treated with pPCI.11-13 This detrimental prognostic effect commences with the slightest deterioration in renal function. Research has shown that renal function independently predicts whether SF/NR will occur.14Nevertheless, there is a lack of data available that investigates how different degrees of renal dysfunction affect the condition of STEMI patients in our local population. Defining the presence of at-risk patients according to the estimated glomerular filtration rate (eGFR) enables clinicians to predict complications and clinical outcomes.

SF/NR during primary PCI represents impaired myocardial reperfusion despite successful epicardial vessel reopening and is strongly associated with larger infarct size, reduced left ventricular recovery, and worse short-term outcomes. Kidney dysfunction is common among patients with acute myocardial infarction and has been identified as an independent predictor of adverse cardiovascular events. Even mild reductions in eGFR are linked to higher rates of SF/NR during PCI. Pathophysiological mechanisms include systemic inflammation, endothelial dysfunction, oxidative stress, platelet hyper-reactivity, and accumulation of uremic toxins, all of which contribute to microvascular obstruction and reperfusion injury. However, the extent to which kidney dysfunction independently predicts SF/NR remains uncertain, as confounding factors such as age, diabetes, and higher thrombus burden may also play roles. Investigating this

relationship is essential to improve risk stratification and guide tailored interventional strategies in high-risk patients.
Objective: To see the association of kidney dysfunction with patients having slow-flow/no- reflow phenomenon in STEMI patients undergoing pPCI and to evaluate its prognostic effect on short-term mortality in our local population.
Operational Definition:

New myocardial infarction: The cardiac biomarker values had to be more than 20% higher, symptoms of duration of more than 20 minutes, and ECG showing ST-segment elevation or depression exceeding 1 mm in at least two adjacent leads.
No-reflow: Coronary angiographic evidence of a reopening of an occluded artery with an immediate reduction in coronary flow (TIMI grade 0-1) without high-grade residual stenosis, dissection, thrombus, or spasm at the target lesion.
The phrase "slow-flow" is usually reserved for TIMI grade-2;long target lesions were defined as those with a length of more than 20 mm.
Renal dysfunction refers to an abnormality in the structure or function of the kidneys that impairs their ability to maintain fluid and electrolyte balance, remove metabolic waste products, and regulate blood pressure and other essential physiological processes. It can range from a mild reduction in function to complete kidney failure.
It is often identified by:

· Elevated serum creatinine or reduced glomerular filtration rate (eGFR)
· Presence of proteinuria or albuminuria

· Structural abnormalities detected by imaging or biopsy

Mortality: Mortality observed within 30 days after pPCI.

Material and Methods
This prospective observational study was carried out from 20/01/2025 to 15/05/2025, at the Punjab Institute of Cardiology, Lahore. A total of 227 patients with a 5% margin of error and a 95% confidence interval were included in the primary PCI for STEMI.  The STEMI is defined as at least0.1mV ST elevation in two separate limb leads and/or 0.2 mV in two adjacent precordial leads. Participants had to meet three criteria: (1) presentation within 12 hours of symptoms; (2) diagnostic angiogram was performed to identify culprit vessel (3) the lesion was intervened. The exclusion criteria was(1) Patients on venous arterial extracorporeal membrane oxygenation, (2) history of previous ischemic heart disease, a culprit lesion in the left main trunk, a collateral artery, on haemodialysis, or having cardiopulmonary arrest upon arrival at the emergency department.
The coronary angiography was performed through the radial approach, pPIC of IRA was carried out according to the international guidelines. All eligible patients were given 300 mg aspirin and clopidogrel 600mg before pPCI. Only a subset of the patients with apparently large  intracoronary thrombi during pPCI were administered the GP2b/IIIa receptor inhibitor. The criteria of TIMI was used to measure the flow grades. The lesion in IRA was stented / ballooned, with no significant dissection or vasospasm. The treatment of the participants in the post-pPCI was done according to the guidelines.
The baseline clinical, angiographic, demographic, and procedural data have been recorded. The clinical data of the patients recorded hypertension, diabetes mellitus, family history of IHD, smoking, and dialysis. Findings of angiography i.e culprit vessel, stent diameter, length, and the details of their medication, and laboratory test findings (CK, Troponin, hemoglobin, and creatinine at admission). Before primary PCI, creatinine level and eGFR were assessed in every

patient at the time of admission. Grading done i.e, mildly reduced (eGFR 60–89ml/min/m2), mildly to moderately reduced (eGFR 45–59ml/min/m2), moderately to severely reduced (eGFR 30–44ml/min/m2), and severely reduced (eGFR 15–29ml/min/m2). After thirty days post- procedure, the patients were contacted by phone to see the mortality risk.
Statistical Analysis: The data were entered and analyzed using SPSS Version 27. The mean and the standard deviation were used to represent the continuous variables, and frequency (%) was used to represent the categorical variables. Chi-square test of categorical variables and the Student T test of continuous variables were utilized in the investigation of differences in the baselines of the groups. A p-value of below 0.05 was regarded as significant
Results
Table.1: Comparison of Clinical Characteristics According to Post-Procedural TIMI Flow.

	Research Variables

	Age (Mean±sd)
	56.12±9.24
	Age range
	33-80

	Gender
	Male
	154(68.0%)

	
	Female
	73(32.0%)

	Characteristics
	TIMI=3 (n=211)
	Slow/No-Reflow (n=16)
	p-value

	Age, Years (Mean±sd)
	56.1±9.2
	56.9±10.6
	0.466

	Gender, n(%)
	Male
	145(69.0%)
	9(76.0%)
	0.445

	
	Female
	66(31.0%)
	7(24.0%)
	

	Hypertension(%)
	Yes
	97(46.0%)
	6(37.5%)
	0.698

	
	No
	114(54.0%)
	10(62.5%)
	

	Diabetes Mellitus n(%)
	Yes
	96(45.5%)
	8(50.0%)
	0.925

	
	No
	115(54.5%)
	8(50.0%)
	

	
Family History IHD n(%)
	Yes
	82(38.9%)
	7(43.8%)
	
0.891

	
	No
	129(61.1%)
	9(56.2%)
	

	
Smoking n(%)
	Yes
	112(53.1%)
	11(69.0%)
	
0.342

	
	No
	99(46.9%)
	5(31.0%)
	

	Duration of Pain (Hours)
	2.7 ±1.5
	3.1 ±2.7
	0.001



	Atrial Fibrillation at Admission, n(%)
	22(25.3%)
	9(14.3%)
	0.003

	Complete AV Block at Admission, n(%)
	7(8.05%)
	11(17.5%)
	0.002

	HF at admission, n(%)
	13(15.0%)
	8(12.7%)
	0.001


Comparative analysis revealed several significant factors associated with TIMI- 3 and slow/no- reflow phenomenon. Patients in this group were significantly older (56.1± 9.2years vs. 56.9 ± 10.6 years, p=0.466) and had a higher proportion of males (69.0% vs. 76.0%, p=0.445). Critically, the slow/no-reflow group exhibited a substantially greater prevalence of comorbidities, including hypertension 97(46.0%) vs. 6(37.5%), p=0.698, diabetes mellitus (45.5% vs. 50.0%, p=0.925), and smoking (53.1% vs. 69.0%, p=0.342). Furthermore, they experienced a longer delay before treatment, with a pain duration of 3.1±2.7 hours compared to
2.7±1.5hours (p=0.001). In contrast, factors such as family history of IHD, atrial fibrillation, complete AV block, and heart failure at admission showed statistically significant differences, highlighting that specific risk factors and treatment timing are most strongly linked to adverse outcomes. (Table 1)

Table. 2:	Post-procedural TIMI/ Flow grade in culprit vessel, stenting or ballooning, stent length and diameter, pre-procedure flow and laboratory findings.

	Characteristics
	TIMI=3 (n=211)
	Slow/No-Reflow (n=16)
	p-value

	Culprit Vessel

	LAD, n(%)
	82(38.9%)
	6(37.4%)
	

0.908

	RCA, n(%)
	79(37.4%)
	5(31.3%)
	

	LM, n(%)
	32(15.2%)
	3(18.8%)
	

	LCX, n(%)
	18(8.5%)
	2(12.5%)
	

	Stent implantation,
n (%)
	Yes
	168(79.6%)
	9(56.3%)
	0.075

	
	No
	43(20.4%)
	7(43.7%)
	

	Stent length (mean±sd)
	24±1.0
	25±2.0
	0.001

	Stent diameter (mean±sd)
	3.28±1.1
	3.1±1.4
	0.039



	Pre-procedural flow TIMI 0, n (%)
	Yes
	151(71.6%)
	10(62.5%)
	
0.610

	
	No
	60(28.4%)
	6(37.5%)
	

	CK, (mean±sd)
	1936.1±0.3
	2401.1±1.1
	0.411

	Troponin I (,g/L)(mean±sd)
	36.7±0.3
	34.8±1.4
	0.001

	Hemoglobin g/L,(mean±sd)
	13.9±1.8
	14.5±2.5
	0.044

	Creatinine at admission, mol/L, (mean ±sd)
	84.5±2.9
	90.8±0.8
	0.001



The analysis of procedural and laboratory factors reveals several significant associations with the slow/no-reflow. While the culprit vessel did not have a statistically significant difference a p- value 0.908. Stent size (length and diameter) was also noted (24±1.0 mm vs 25±2.0 mm, p=0.001) and (3.28±1.1 mm vs 3.1±1.4 mm, p=0.039). Furthermore, a pre-procedural total blockage (TIMI 0 flow) was more common in the slow/no- reflow group (76.5% vs. 71.6%, p=0.610). Biochemically, this group also had significantly higher initial creatinine levels (90.8±0.8 µmol/L vs. 84.5±2.9 µmol/L, p=0.001) and hemoglobin (14.5±2.5 g/L vs. 13.9±1.8 g/L, p=0.044), and a notably lower Troponin I level (34.8±1.4 µg/L vs. 36.7±0.3 µg/L, p=0.001). (Table 2)

Table.3: Kidney Function According to Post-Procedural TIMI Flow Grade.

	Characteristics
	TIMI-III (n=211)
	Slow/No-Reflow (n=16)
	p-value

	eGFR ml/min/m2 m±sd
	89.6±1.0
	76.5±5.4
	0.001

	

eGFR
ml/min/m2,
n (%)
	≥90
	123(58.3%))
	5(31.3%)
	

0.108

	
	60–89
	36 (17.1%)
	4(25.0%)
	

	
	45–69
	29(13.7%)
	2(12.5%)
	

	
	30–44
	15(7.1%)
	3(18.7%)
	

	
	15–29
	8(3.8%)
	2(12.5%)
	

	Short Term Outcome Variable

	Mortality(within30days)
	0(0.0%)
	1(6.3%)
	0.141



Mean eGFR was substantially greater in patients with TIMI 3 flow than in slow-flow/no-reflow patients (89.6±1.0 vs. 76.5±5.4 ml/min/m², p=0.001).A significantly higher percentage of patients with TIMI 3 flow (58.3% vs. 31.3%), when divided into eGFR categories, had retained kidney function (≥90 ml/min/m²).The slow-flow/no-reflow group;. 25.0% vs 17.1% of patients in that group had mild to moderate renal impairment, defined as 60-89 ml/min/1.73 m². There were fewer cases of moderate to severe renal impairment (eGFR<60 ml/min/1.73 m²), although it was more common in the group that had slow flow and no reflow. One death within 30 days after the procedure was observed in the group with slow or no reflow, but the p-value was not statistically significant. This finding clearly shows that declining renal function, even in its early stages, is a powerful predictor of microvascular dysfunction and poor reperfusion following primary PCI. The mortality observed in slow or no reflow group. (Table-3)

Table 4:	Multi variate logistic regression analysis showing predictors of post- procedural TIMI Flow Grade (Slow/No-Reflow)

	Variables
	Adjusted Odds Ratio (OR)
	95% CI
	p-value

	

eGFR
ml/min/m2,
n (%)
	≥90
	1.00
	-
	-

	
	60–89
	1.45
	0.82 – 2.57
	0.21

	
	45–69
	2.12
	1.09 – 4.11
	0.028

	
	30–44
	3.96
	1.85 – 8.48
	<0.001

	
	15–29
	4.35
	1.22 – 15.54
	0.023

	Mortalitywithin30days
	1.12
	0.23 – 5.38
	0.88

	Age
	1.04
	1.01 – 1.08
	0.015

	Male Gender
	1.68
	0.88 – 3.19
	0.112

	Hypertension
	2.15
	1.13 – 4.09
	0.020

	Diabetes
	1.93
	1.02 – 3.67
	0.043



Increasing age is an independent predictor, with each additional year raising the odds of slow/no- flow by about 4%. Hypertension doubled the likelihood of developing no-reflow p-value 0.020. Male gender and 30-day mortality were not statistically significant predictors.(Table 4)
Graph 1:
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[bookmark: Discussion]Discussion

This study demonstrates that renal dysfunction, even in early stages, significantly increases the risk of SF/NR in STEMI patients undergoing PCI. The findings of the current study explore a confluence of clinical, procedural, and laboratory factors.
The current study consisted of 227 participants with a mean age of 56.12 years (Standard Deviation ±9.24), with ages ranging widely from 33 to 80 years. Advanced age, diabetes mellitus, prolonged ischemic time, conduction abnormalities, and most significantly renal dysfunction were found to be as independent predictors of impaired myocardial reperfusion.
Our data firmly establishes that patients experiencing slow/no-reflow possess a distinct clinical phenotype characterized by advanced age, male gender, and a significant burden of cardiovascular risk factors, including hypertension, diabetes, and smoking. The findings of the current study showed that the mean age of patients was 56.1±9.2, and male 154(68.0%), the SF/NR group in hypertension 6(37.5%) vs. 97(46.0%), p=0.698, DM [96(45.5%)vs. 8(50.0%) p=0.925), and smoking [112(53.1%)vs. 11(69.0%), p=0.342). They experienced a delay in the initial treatment, with a pain duration of 3.1 ± 2.7 hours compared to 2.7 ± 1.5 hours in the TIMI

3 group (p=0.001). In contrast, factors such as family history of IHD, atrial fibrillation, complete AV block, and heart failure at admission showed statistically significant differences, highlighting that specific risk factors and treatment timing are most strongly linked to this adverse outcome.

The research conducted by Savic et. al,16 showed that they analyzed 3,115 consecutive patients. The median age of their participants was 60 and 65 years in TIMI 3 and slow/ no-reflow group. The duration of pain, A. Fib at the time of admission, complete heart block, and heart failure showed statistically significant differences found among two research groups with a significant p-value as < 0.05.
The research findings of current study showed that procedural and laboratory factors have significant associations with the slow/no-reflow. While the culprit vessel did not have a statistically significant difference a p-value 0.908. Total 168(79.6%) patients of TIMI-3 group compared with SF/NR group 9(56.3%) stented with a insignificant p-value 0.075, rest of the patients were treated with balloon technique. Stent size (length and diameter)  was also noted(24±1.0 mm vs 25±2.0 mm, p=0.001) and (3.28±1.1 mm vs 3.1±1.4 mm, p=0.039). Furthermore, a pre- procedural total blockage (TIMI 0 flow) was more common in TIMI-3 group compared with the slow/no-reflow group (71.6% vs. 62.5%, p=0.610). Biochemically, this group also had significantly higher initial creatinine levels (90.8±0.8µmol/L vs. 84.5±2.9µmol/L, p=0.001) and hemoglobin (14.5±2.5 g/L vs. 13.9±1.8 g/L, p=0.044), and a notably lower Troponin I level (34.8±1.4 µg/L vs. 36.7±0.3 µg/L, p=0.001).
Perhaps the most compelling findings relate to laboratory markers. The strong, graded inverse relationship between eGFR and the incidence of SF/NR, supported by significantly higher level of creatinine on admission, highlights kidney disease as a paramount risk factor. CKD is a state of accelerated atherosclerosis, chronic inflammation, and uremic endothelial dysfunction, all of which severely compromise microvascular auto regulation and repaircapacity.17-18 The finding

of higher hemoglobin levels, while potentially multifactorial, may indicate a role of  increased blood viscosity  which can impede flow at the capillary level, particularly in a compromised microcirculation.19 The lower Troponin I level in the slow/no-reflow group is  against the expectation but may be explained by the "washout" phenomenon; impaired microvascular flow prevents the efficient release of the biomarker from the myocardial tissue into the systemic circulation, leading to a falsely lower measured value initially.20

Renal function parameters demonstrated a strong association with post-procedural TIMI flow outcomes. Patients with TIMI 3 flow had a significantly higher mean eGFR compared to those with slow-flow/no-reflow (89.6 vs. 76.5 ml/min/1.73m², p=0.001). When stratified into eGFR categories, preserved kidney function (≥90 ml/min/1.73m²) was much more common among patients with TIMI 3 flow (58.3% vs. 31.3%). Conversely, mild to moderate renal dysfunction (60–89 ml/min/1.73m²) was represented in the slow-flow/no-reflow group [36 (17.1%) vs. 4(25.0%). Moderate to severe renal impairment was observed in smaller numbers but was also more frequent in the SF/NR group. These findings clearly demonstrate that declining renal function, even in the early stages, is a powerful predictor of microvascular dysfunction and poor reperfusion following primary PCI. Only one mortality within 30 days after procedure observed in group (slow / no reflow) with a statistically insignificant p-value

The study conducted by Panchal et. al21 included 534,845 participants. The results showed that mortality was 16.5% and acute renal failure requiring dialysis (ARFD) was 40.6% higher in CKD patients compared to non-CKD patients (7.12 7.17).In comparison to patients receiving medical therapy, those who had revascularization had a lower risk of hospital death (aOR 0.280, p<0.0001;CKDwithoutdialysis:aOR0.39,p<0.0001;CKD-HD:aOR0.48,p<0.0001).
Hospital stays and healthcare costs were higher for people with chronic kidney disease (CKD) compared to those without CKD, CKD without dialysis, and CKD with HD. When comparing coronary revascularization of STEMI to medical therapy, the death rate in CKD patients was low

in revascularization group. The fact that CKD is present in STEMI patients is linked to an increased mortality rate and ARFD, extended hospitalization, and the increased cost of hospitalization.
Conclusion
Renal dysfunction, even in its mild form, emerged as an independent and powerful predictor of slow-flow/no-reflow after primary PCI. Incorporating renal function assessment into pre- procedural risk evaluation could improve patient selection, guide preventive strategies, and potentially enhance post-PCI outcomes






Limitations and recommendations:

This study has some limitations, including its single-center, observational design and reliance on a single baseline measure of renal function, which cannot account for acute kidney injury or chronicity. The sample size may also limit the detection of more subtle risk factors. Despite these constraints, our findings strongly recommend that estimated glomerular filtration rate (eGFR) be integrated into pre-procedural risk stratification for patients undergoing primary PCI.
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